Introduction
Currently a available biochemical, biophysical and electronic methods of monitoring in addition to the clinical examination permit exact statements on the intrauterine development and status of the fetus. Since no single method is able to assess all disturbances of the uteroplacental unit simultaneously the choice of the most suitable method and the rational combination of the various surveillance methods is of great importance [1, 6, 10, 14, 18] .
In regard to the antepartum and intrapartum assessment of the actual fetal status and for the recording of uterine contractions, cardiotocography has a special position. We investigated the role of intermittent antepartum fetal heart rate recording and attempted to establish guidelines for the use of this method as a part of antenatal care. For this purpose we analyzed the course of pregnancies and births during the years 1982 and 1983 at the Women's Hospital of the University of Cologne and correlated them with neonatal outcome.
Patient material and methods of analysis
During the study period there were 1,521 deliveries with 1,490 (97.9%) singletons, 30 (2.0%) * Dedicated to Prof. Kaiser on the occasion of his 65th
birthday. twins and 1 (0.1%) triplet pregnancy. Analyzable cardiotocograms before and during delivery were available from 1,463 patients. The records used fetal monitors which allowed beatto-beat registration (Hewlett-Packard). Recording methods included predominately phonocardiography and in isolated cases abdominal fetal EKG as well as increasingly since 1983 autocorrelating ultrasound cardiotocographs.
Curriculum vitae
A total fo 13,310 antepartum fetal heart rate recordings were analyzed. Two physicians analyzed the recordings according to the score of HAMMACHER [5] which considers and weighs baseline rate, periodic patterns and variability. Table III gives a overview of the complications Additional analysis utilized a computer (Mod-during pregnancy with normal and abnormal comp, Model Classic 7801) with a 128 K mem-antepartum heart rate recordings. For both or y.
groups a incipient premature delivery with 53.6% and 30.3% respectively is the leading risk factor. This was followed by toxemia of pregnancy with 35.7% and 2.3% respectively, 3 Results first and second trimester bleedings (1 7.9% and Of the 1,463 patients with a total of 13,310 5.4%), placental dysfunction (7.1% and 0.7%), recordings, 1,413 women (96.7%) had 13,244 polyhydramnios (7.1% and 0.7%) and, lastly, (99.5%) normal fetal heart rate recordings. In other maternal diseases (10.7% and 6.7%). 40 patients (3.7%) suspect CTG findings were Among the latter we found diabetes mellitus, seen, resulting in 56 (0.4%) suspect heart rate anemia and urinary tract infections of the recordings. In 10 patients (0.6%) a pre-pathologic CTG was found 24 hours before birth . .corresponding to 0.1% of the total number of the heart rate recordings (table I) .
mother.
In women with a normal fetal heart rate record-
The anal ig Qf ^ cardiotocograms shows that CTG items " floatmg lme " ^t ems) and « oscillation » (variability) type together accounted for 43.9% by far the greatest ings, 67.7% (957) had no complications during proportion of the total score. The single parapregnancy; in 32.3%, the CTG's were un-meters (baseline 1.5%, variability 6.1%, periodremarkable despite the presence of complica-ic pattern 15.1%) by comparison had a compartions. Of 50 patients with suspected and pre-atively lower contribution to the total score, pathological recordings, all had complications as did the other combinations ("baseline and during pregnancy (table II) . floating line" 12.2%, "baseline and oscillation type" 4.5%, "baseline and floating line and oscillation type" 16.7%) (figure 1).
Spontaneous delivery occurred in 75.5%, whereas in 7.4% a vaginal operative procedure and in 17.1% a cesarean section was necessary. Dividing the patients into groups with normal and abnormal (= "suspect" or "pre-pathological"), we found that in the CTG first group, 76.7% of the patients were delivered spontaneously, in 6.6% there was a vaginal procedure and in 16.7% a cesarean section was performed. As expected, in the second group the proportion of spontaneous deliveries was comparatively low with 42%, in 2% there was a vaginal intervention, and in 56% a cesarean section (table IV) .
The one minute Apgar score in infants with abnormal antepartum CTG, was 4-6 and in 18.0% of the cases 1-3. For the five minute Apgar score there was a noticable shift into the normal range with 85% having a score of 7 -10. Only 10.8% of the newborns had a score of 4-6 and 4.2% of 1 -3. At ten minutes all but 0.5 and 2.0% respectively children were normal.
For patients with a normal antepartum fetal heart rate pattern, the proportion of newborns born depressed, i. e., with an Apgar score of 4-6 and 1 -3, was 5.4% and 2.7% respectively. After five minutes 2.0% and 1.1% of the newborns were still depressed and after ten minutes only 0.9% and 0.4% (table V) .
Neonates with a severe acidosis were found in 4.75% of the cases with a suspect antepartum CTG, whereas, this was true for only 2.1% in cases with a normal fetal heart rate pattern. Mild to moderate acidosis was found in 25.6% of the infants with an abnormal pattern, and 16.9% of the neonates with a normal heart rate pattern. All other infants had a umbilical artery pH of over 7.21 (table VI). Only 56.5% of the newborns with an abnormal antepartum heart rate pattern weighed more than 2500 grams. Thirteen percent weighed less than 1000 grams, and in 17.4% the birth weight was between 1000 and 1500 grams (table VII) .
Thus, the proportion of premature newborns in this group was 32.1%, in addition 7.1% of the newborn were premature and dysmature 1.2% 16% and 7.1 % of the infants were termed dysmature orrhage in the first and second trimester, as well (table VIII) . The overall perinatal mortality as placental insufficiency and polyhydramnios during the study period was 17 per 1000 births, were the most commonly seen complications, or 12 per 1000 when non-viable malformations There conditions were symptomatic enough are discounted. We achieved a perinatal mortal-that they could be recognized with simple cliniity in cases with normal antepartum fetal heart cal assessment methods. A comparison with rates of 9 per 1000 excluding non-viable malfor-patients which had normal antepartum fetal mations. In children with an abnormal antepar-heart rate recordings despite complications, turn CTG, the perinatal mortality without non-demonstrates that pathologic CTGs changes viable malformations was 80 per 1000 (table are seen only with severe forms of maternal IX). illness. Consequently, the use of antepartum cardiotocography is only indicated when risk factor indicate fetal compromise.
Discussion
The se miquantiative analysis of heart rate patThe importance of antepartum cardiotocograterns with the Hammacher score considers the phy is based on the interactions between fetal characteristics "baseline," "floating line" (perihypoxia and the response of the fetal heart rate °dic patterns), and the "oscillation type." In [6, 15, 17] . There is now general agreement that order to process these parameters the recording this method allows the diagnosis of acute fetal has to be of technical good quality in regard to distress [1, 7, 19] . However, this does not answer the recording and documentation. Therefore, the question whether the method is useful for on ty those methods should be used which allow routine antenatal care. This can only be seen in a true beat-to-beat recording. Integrating rea larger number of patients with an appropriate cording methods are not suitable to reliably stratification. In particular, risk pregnancies recognize criteria relevant for fetal wellbeing. should be adequately represented because they
We have been particularly satisfied in the last are the ones to most likely to yield abnormal few years with cardiotocographs which process antepartum fetal heart rate recordings. fe tal heart rates with a Doppler autocorrelation . · , , · , * -Λ method. This form of monitoring is technically Our patient material during the study period ior to other extemal methods inc i uding consisted of 1,463 patients As expected for those usi phonocardiography for beat-toa referral center, 32.3% of the patients had beat registration and those usi the abdomi nal complications during pregnancy. Thus the at fetal EKG ^ 3] Qur ^^ match r isk group was well represented as demonstrat-those of RUTTGERS [16] > In compar i son to direc t ed in the perinatal statistics for the state of fetal e lectrocardio g raphy, the CTG characteris- <* "oscillation amplitude" and "oscillation frewere 38.3% and in 1983 48.9% pregnancies quency per ^^,, corrdated very well It with defined risk factors [13] . mustj however> be pointed out that dece i eraThe 1,463 patients yielded 13,310 cardiotoco-tions cannot always be correctly recorded [4, grams for analysis. In 50 (3.3%) patients, there 16] as to their number, oscillation amplitude, were 66 (0.5%) suspect and/or prepathological and depth of deceleration because of interferenheart rate patterns. Thus, abnormal antepar-ces from the maternal pulse. In difficult cases turn CTGs in an unselected patient population an additional continuous recording of the maare notably rare. Therefore, cardiotocography ternal heart rate should be made, is not suitable as a general screening method Tfae contribution of single CTG parame ters to during pregnancy. the total score was fairly low . for baseline it The analysis of the pregnancies of these 50 was 1.5%, the oscillation type 6.1% in compariwomen showed in all cases pregnancy complica-son to periodic pattern with 15.1%; the latter tions. Threatening prematurity, toxemia, hem-was the most important subscore. Of particular importance was the combination of the characteristics "floating line and oscillation" type. In 43.9% this combination accounted for the magnitude of the total score and thus influenced the classification; i. e., it caused a shift from the normal into the suspect or prepathological range. Thus, the combination of the two parameters not only quantitatively but qualitatively are the most important items of the score.
An exact classification of the decelerations is only possible when there are uterine contractions at the same time. Obviously, in cases of severe decelerations, classification is possible even without labor activity. We agree with KÜNZEL [8, 9] that in borderline situations a statement regarding the fetal oxygenation is only possible in the presence of contractions. If spontaneous contractions cannot be recorded they should be generated by a contraction stress test.
The subsequent outcome of fetuses with abnormal antepartum CTGs shows 32% prematures, 7.1% growth retarded prematures and 7.1% growth retarded term infants. Considering in addition birthweight classes, it is seen that 30% have a birth weight of less than 1500 grams.
Thus, pathological antepartum heart rate changes can be expected particularly in cases of premature onset of labor as early as the late second and early third trimesters, as well as in impaired uteroplacental perfusion such as toxemia and placental dysfunction. These complications therefore pose an absolute indication for antepartum cardiotocography in order to recognize a fetal emergency timely or to evaluate the efficacy of tocolysis. The frequency of the intermittent recordings is determined by the severity of the pathological condition [6, 9, 8, 10, 15] .
Apgar scores, blood gases, and the high perinatal mortality demonstrates that fetuses with suspect or prepathologic antenatal heart rate recordings have a poor prognosis. In our material perinatal mortality was 80 per 1000 in comparison to 9 per 1000 in fetuses with normal CTGs and thus was increased nine-fold. These results correlate well with those of the Bavarian and Rhenish perinatal statistics [12, 13] . The least stressful method of delivery should be selected for this group and decisions to perform Cesarean sections should readily be made. If a vaginal delivery is decided upon any possible resistance should be minimized and any additional traumas such as hypertonic or too frequent contractions, as well as protracted courses of labor, or maternal shock and hypertension should be avoided [11, 20, 21] .
We draw the following conclusions from these data:
1. Abnormal antepartum fetal heart rate recordings are rare and always accompany severe complications of pregnancy. A technically adequate recording and accurate analysis is a prerequisite for the evaluation of abnormal CTG characteristics.
2. Antepartum cardiotocography is not a general screening method but should be used for specific indications in high risk pregnancies.
3. Suspect or prepathologic antepartum cardiotocograms should be detected early, if not prevented altogether by careful monitoring of high risk pregnancies.
4. Perinatal mortality without non-viable malformations is 8% and thus exceeds by a factor of 9 that of infants whose mothers had normal CTGs during pregnancy.
5. Delivery must occur under optimal conditions with as little fetal stress äs possible.
Summary
The significance of antepartum cardiotocography was examined on patients at the University of Cologne in the years 1982 and 1983. We analyzed 13,310 cardiotocograms of 1,463 women and correlated their pregnancies and deliveries with the status of their newborns. There were only 66 suspect/prepathologic fetal heart rate recordings in 50 patients. All these patients had severe complications during their pregnancies. Impending pre-maturity, toxemia, first and second trimester bleeding as well as placental insufficiency and polyhydramnios were the leading complications. The analysis of the cardiotocograms using HAMMACHER'S criteria demonstrated that the CTG characteristics "floating line" and "oscillation type" together accounted for the largest proportion (43.9%) to the total score and thus constituted the most important parameters. Fetuses with abnormal CTGs had a birthweight of less than 1500 grams in 30% of the cases. This group also had poorer Apgar scores and umbilical artery pH values than neonates with normal antepartum cardiotocograms. After excluding non-viable malformations the perinatal mortality was 80 per 1000, i. e. it was nine times higher for newborns with abnormal antepartum heart rate patterns. The study demonstrated that abnormal antepartum CTGs in non-selected patients are rare and are always associated with severe complications of pregnancy. Thus, the method is not suitable as a general screening method but should be used for specific indications in high risk pregnancies and for the evaluation of any tocolytic treatment. 
